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This new interferometer does not require the precise alignment required of common interference technology. Hence, more investigations and practical device implementations are worthwhile and of current interest. The key component of the interferometer is the liquid-crystal layer, which can continuously vary the phase by adjusting the voltage applied across it and thus mitigate the need for alignment. Nevertheless, as shown below, an additional optical path difference will be generated in this phase-shifting interferometer if the plane of detection is perpendicular to the optical axis of the laser beam when the collimated beam is incident at an angle to the phase retarder. Furthermore, this extra optical path difference will vary as the voltage applied to the liquid crystal changes. This increment can also be observed in common interferometer configurations, such as that of a Mach-Zehnder interferometer. The interferogram does not then repeat itself after a 2p phase change of the liquid-crystal retarder.
An analysis of the interferometer follows. Two fused-silica glasses are used to sandwich the liquidcrystal layer so that a phase retarder can be formed in which conductive indium tin oxide and a thin dielectric layer (alignment layer) are also required.
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In analysis of the optical path, the effects of the indium tin oxide and the alignment layer can be neglected, since they are rather thin and their indices of refraction do not change drastically as does that of the liquid-crystal layer. Therefore, only the liquid-crystal layer and the sandwiched glasses are considered for simplicity. In Fig. 1(a) , the incident beam is indicated by the solid line, and the arrow shows the direction of light propagation. The effective index of refraction of the liquid crystal changes when a different voltage is applied. Thus the optical path is changed; as an example, see the dotted line in Fig. 1(a) . Liquid-crystal material is birefringent, and its response to applied voltage is normally nonlinear. Describing the index in a simple function is thus diff icult; nevertheless, to approximately determine the optical path difference, we can use an effective index of refraction to describe the response of the liquid-crystal layer. For example, at the reference voltage the index of refraction of the Fig. 1(a) , in which a dotted line is used to indicate another optical ray. The geometry is such that the phase change can be constructed from two terms:
where T n a sin u i and l is the optical wavelength of the laser beam. d LC is the phase difference in the liquid-crystal layer, and d a is the phase difference caused primarily by the fact that the detection plane is perpendicular to the optical axis of the laser beam and is thus oriented at an angle to the phase retarder. Figure 1(b) shows the phase changes of the two contributing terms over a range of 2p. The reference index is set to n r 1.5 in the analysis, since the index of refraction of the liquid crystal is commonly 1.5-1.6.
As the voltage applied to the liquid crystal changed, the optical path difference in air, d a , varied with d LC ͑ϳ0.5d LC ͒ and was never constant. The direct consequence of this effect is that the interferogram does not repeat itself after a 2p phase change of the liquid-crystal retarder. The ASAP package 3 simulation tool is used to verify this point. [This can be verified from Fig. 1(b) .] This similar correspondence can also be observed in Fig. 2 of Ref. 1 . In short, the interferogram did not repeat itself even after a 360 ± phase change of the liquid-crystal phase retarder, showing that use of a liquid-crystal layer demands more care in interpreting an interferogram. Restated, a variable-phase compensator must be used, or the detection plane must be parallel to the phase retarder.
